This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(Al) 2,151,379 
(22) *»»V0«/12 

<43) »»»5/ia/ii 

(»)(CM APPLICATION FOR CANADIAN PATENT <X 2, 
(»«) PM Maasurlno Systra 

s.ttl.r, Morris - Canada ; 
(71) saiM as lnvantor 
(30) (OB) 9411701.7 1994/00/10 
(57) 10 cialaa 



!*■ .. 

Canada* 



-2151579 



ABSTRACT 

A pH measuring electrode includes a probe having two lumens 
with adjacent first ends. An exposed sensor electrode is secured to the end 
of one off the lumens. A conductor leads through the ffirst lumen ffrom the 
sensor electrode for connection to e meter for Indicating pH. An electricel 
reference, for example a fibrous thread extends elong the second lumen and 
is electrically connected to the meter. A porous plug closes the end of the 
second lumen adjacent the sensor electrode and is electrically connected to 
the thread. When the thread is saturated with an electrolyte It ects as a salt 
bridge that can be connected to a reference half cell in the system. The close 
spacing of the bridge and the sensor electrode is desirable to ensure a quick 
response and to minimize drift. A chamoer may be secured to the tube, with 
the reference thread extending into the chamber. For use. the chamber and 
the thread carrying lumen are filled with an electrolytic gel. To provide 
adequate shelf life, this gel may be injected shortly before use through en 
access port provided In the chamber ffor that purpose. 
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PH MEASURING SYSTEM 

The present Inventlor states to the measurement of pH and to 
en electrode for pH measurement. 

Metal oxide electrodes are used In dentistry and medicine as 
sensors for measuring pH. The electrodes used are conventionally mode 
from antimony. Generally they ere used In e system including a reference 
half cell, a meter and connectors for coupling these components. 
Conventionally the reference electrode which must be attached to the orgen 
or patient is defined by a second connecting wire end e contect located et e 
seperete point on the patient. This is inconvenient and leads to inaccuracies 
in the measurement. 

SUMMARY OF THE INVEMTinM 

It Is one object of the present Invention to provide 
improvements in such electrodes and the systems In which they are used 
and particularly an electrode which allows the sensor contact and the 
reference contact to be located closely or immediately adjacent to improve 
efficiency end to provide Improved accuracy. 

According to one aspect of the present Invention there is 
provided a pH measuring electrode comprising: 

probe means for defining a first lumen end a second lumen 
with adjacent first ends; 

e sensor electrode secured to the first end of the first lumen 
and exposed et the first end of the first lumen; 

an electric conductor leeding from the sensor electrode 
through the first lumen including means for electrical connection to an 
electricel meter for measuring an electrical value indicative of the pH to be 
measured; 
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a fibrous thread material extending along the second lumen; 
means for electrically connecting the thread material to the 
electrical meter; and 

porous means closing the first end of the second lumen and 
electrically connected to the thread material. 

When the thread is saturated with an electrolyte it acts as a 
salt bridge that can be connected to a reference half cell in the system. 
The close spacing of the bridge and the sensor electrode is desirable to 
ensure a quick response and to minimlie drift. 

Preferably, a chamber is secured to the tube. The lumen 
carrying the lead from the sensor electrode is isolated from the chamber, 
while the thread extends from the other lumen into the chamber. In use. 
the chamber and the thread carrying lumen are filled with an electrolytic 
gel. To provide adequate shelf life, this gel may be injected shortly before 
use through an access port provided in the chamber for that purpose. 

According to another aspect of the present Invention there is 
provided a pH measuring electrode comprising: 

probe means for defining a first lumen and a second lumen 
with adjacent first ends; 

a sensor electrode secured to the first end of the first lumen 
and exposed at the first end of the first lumen; 

an electrical conductor leading from the sensor electrode 
through the first lumen including means for electrical connection to an 
electrical meter for measuring en electrical value indicative of the pH to be 
measured; 
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a chamber connected to the second lumen, the chamber being 
arranged to receive an electrolytic liquid; 

electrical reference means in electrical connection with the 
electrolytic liquid 

5 means for electrically connecting the reference means to the 

electrical mctar; and 

porous means closing the first end of the second lumen and 
electrically connected to the electrolytic liquid. 
BRIEF DESCRIPTION QF THE DRAWINGS 
10 In the accompanying drawings, which illustrate an exemplary 

embodiment of the present invention: 

Figure 1 is a schematic of a system according to the present 

invention; 

Figure 2 is a transverse cross section of the electrode tube; 
Figure 3 is s side view, partially in cross section of the ion 

bridge; 

Figure 4 is a front view, partially In section of a buffer pack; 

and 

Figure 5 is an isometric view of a support block supporting a 

20 buffer pack. 

DETAILED DESCRIPTION 

Referring to the accompanying drawings. Figure 1 illustrates a 
pH measuring system 10. This includes a double lumen teflon tube 12 
including a sensor lumen 14 and a reference lumen 16. The tube, which is 

25 commercially available, is small enough in diameter to canulate through a 
sixteen gauge catheter and has an outer sensor end 1 * A and an opposed 
end 12B. The sensor lumen 14 and the bridge lumen 16 can be seen in 
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cro.s-.ection In Figure 2. At the outer end 12A of the sensor lumen 14 Is 
an antimony electrode 18 that is sealed to the end of the lumen 14 by an 
apoxy resin 15. A conductive metal lead 20 is attached to and leads from 
the sensor 18 through the sensor lumen 14 and is connected to an 
electrical connector 22 of conventional construction at the end 12B. The 
metal lead Is formed of a suitable conductive metal such as copper with an 
insulatino cover Including an Inner layer 20A bonded to the conductor and 
an outer teflon sheath 208. 

The other or reference lumen 16 has an absorbent thread 24 
of cotton or similar fibrous material running along the lumen. At the tip 
end immediate adjacent the sensor 18 but electrically separated therefrom 
by the resin 15. the lumen 18 I. closed with a fibrous absorbent plug 26 of 
cotton or similar materiel. The threed leaves the lumen 16 through a small 
hole 28 intermediate the ends of the tube. 

Surrounding the tube 12 intermediate its ends and secured to it 
is a generally cylindrical reservoir chamber 30. The lumen 14 of the tube 
passe, through the chamber to Isolate the sensor electrode 18 and the iead 
20 from the inside of the chamber. The chamber surrounds the hole 28 in 
the lumen 16 so that the interior of the chamber is In communication with 
the interior of the lumen 16 and so that the thread 24 emerging from the 
hole or window 28 terminates in the chamber 30. 

Surrounding the tub. 1 2. on the end of the reservoir chamber 
30 is the f.mal. component of . stenderd tour lock fitting 32 to allow 
application of a covering cap over the outer end of the tube 12 which can 
25 be removed for use. 

An sec... per, 34 Is form* m , n . „de w.M of ,h. rose,™,, 
Chan*., 30 .no Is normally closed „,,„ . .hre.ood p lo „ 36 . A „ end c , p K 
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is provided at an end of the chamber through which the tube 12 peases 
thus seeling the interior of the chamber In communication with the lumen 
18. In this seeled and capped condition, the sensor element defined by the 
tube 12 and the reservoir 30 can be packaged end stored for use In a sterile 
condition. 

In use of the system, as illustrated in Figure 1. sensor element 
is removed from the packaging and the reservoir chamber 30 is filled from a 
suitable source, such es a seperately packaged syringe, with a thixotropic 
electrolytic gel 38 seturated with potassium chloride (KCI). Some of the gel 
may enter the lumen 18 through the window 28 but It is not nece3sery to 
ensure e complete filling of the lumen. The thread 24 at its tail end In the 
chember 30 is saturated with KCI solution end some of this will wick along 
the threed to the end plug 26. 

With the plug 36 removed, one end of a bridge 40 is inserted 
i. .rough e guide plug 36A with e centrel bore Into the chamber 30 to 
contact the gel 38. The configuration of this bridge is most particularly 
illustrated in Figure 3. The bridge includes an outer polyethylene tube 42 
with e cotton thread 44 extending along the tube from end to end. The 
thread is saturated with KCI end the tube is filled with the thixotropic KCI 
saturated gel 38 used in the reservoir 30 end the lumen 16. The ends of 
the tube 42 ere closed with tapered wooden plugs 46. These constitute ion 
Junctions et the ends of the completed bridge, each in the form of a non- 
metallic conductive plug at an end of the duct for electrically connecting gel 
in the chamber. Each plug is fibrous, porous and includes interstices 
impregnated v Uh the liquid for allowing the liquid to provide conductivity 
through the plug, while the plug prevents bleeding or leeching of the liquid 
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from the end of the tuba. The cotton thread forma a continuous non- 
metallic thread extending longitudinally of the duct within the liquid. 

Aa illuatre;»d in Figure 1. the end of the bridge opposite the 
reservoir 30 Is Inserted into the electrolyte in a standard calomel reference 
half cell 50. This Is e known and widely used device acting as a reference 
voltage in comparison with the sensed voltage from the antimony electrode 
connected to teh copper lead wire. The lead 52 from the electrode of the 
half cell Is connected to a meter 54. aa Is the lead 20 from the sensor 18. 
The meter is a high input impedance volt meter calibrated to read directly in 
pM. In other embodiments, a standerd volt meter can be used. 

Because no two of the antimony electrodes are exactly alike, 
the system must be calibrated before use. To do this, three standard buffer 
solutions are used contained within r WpN ,iv. buffer solution pack. 58. 
one of which I. Wl«,tr«ted in Figure 4. On. of these solution, ha. a pH of 
6.84. another ha. . pH of 7.46. The third I. a neutral solution with a pH of 
7.0. A fourth package contain, distilled water to rinse the electrode 
between tests. Calibration I. don. with the 6.84 end 7.45 pH solutions. 
The 7.0 pH solution is for t..tlng after two point calibration ha. been don. 
ualng the pH 6.84 and 7.45 solutions. 

Each of the packs 56 is a flat foil envelope 58 conteining the 
buffer solution and an Internal pad 60 to aupport the envelop. In a «a, 
condition. 

To aupport the buffer pack, for use. e plastic support block 64 
is provided with four paraHel .lot. 66 that will rec.,v. the bottom edge, of 
the r-pectiv. package. 56 and .upport th. envelope, in the upright 
po..,lon. Thi. make, the envelope, extr^iy ...y to u.e. minimi,.. ,pi„, 
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of buffer and eliminates the use of glass and plastic containers which ere 
prone to tipping and spilling their contents. 

The Ion bridge 40 described In the foregoing may also be 
sealed in a foil envelope similar to those containing the buffer solutions and 
the distilled water rinse. The ion bridge peckage contain, a saturated 
solution of KCI. All of these peckage, can be sterilized using . iineer 
accelerator to sterilization technique. They are perfectly sealed and can be 
stored for long periods. 

Because the antimony electrode should be kept dry. the 
electrode assembly is not similarly packaged. However, because the KCI 
saturated gel will dry out and the KCI crystallize if not sealed and kept 
moist, the electrode is packaged dry. that Is without the gel i„ the reservoir 
chamber 30 or the lumen 16. The gel i. instead stored In • seeled syringe 
that may be fitted with a flexible Injection tube the* can be Inserted through 
the access port 34 In the chamber 30 to Inject the gel shortly before the 
electrode essembfy is to be used. 

As noted ebove. for physiologies! uses, the tube 12 of the 
comblnetlon electrode assembly can be Installed through • 16 gauge 
catheter. For that purpose, the complete system includes a cetheter 
Placement unit end a catheter of st.nd.rd configuration. The female leur 
lock fitting on the end of the chamber 30 I. used In this environment, when 
the tube 12 is Inserted through the cetheter. to hold the electrode assembly 
in place. In use of the outrode, the sensor electro^ 18 end the medium 
being meesured form a helf cel. that communicate, through the ion 
conductor bridge In lumen 16 with the reservoir chamber 30 and then 
through the ion bridge 40 with the electrolyte in the reference helf cell 50. 
The cotton plug 26 In the end of lumen 16 prevents excess leaking or 
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leaching of the KCI gel Into the media being measured, but will conduct the 
Ions necessary to complete the cell. 

The physiological uses of the microsize antimony electrodes 
are threefold. 

Firstly. In dentistry, for measuring the pH of: 

(I) dental ; »aque, the bacterial deposits on the teeth and gums 

that are responsible for the development of cavities end periodontal 

disease; 

(il) saliva, which is an important indicator of saliva flow rate 
and certain clinical conditions; and 

till) the gingival sulcus where the pH is an indication of 
periodontal disease severity. 

Secondly, in medicine, for measuring the pH (acidity and 
alkalinity) in the esophagus or the stomach on a continuous 24-hour basis. 

Thirdly, in medicine for measuring and monitoring the pH 
subcutaneously in connective tissue or muscle, as an early warning sign of 
an inadequate supply of oxygen in surgery, shock, critical care monitoring, 
anesthesia, fetal anoxia, and a number of other clinical applications, as 
opposed for example, to measuring or monitoring blood pH (which is a late 
sign). It can also be used for continuous intra arterial and intra venous pH 
monitoring. Tissue pH can be related to perfusion of the tissue and to its 
aerobic/anaerobic metabolism. 

The generel purpose microsize pH combination electrode cen 
be used to monitor or measure pH in human or animal tissue or muscles, or 
organs, in blood, in fluid of calibrated buffers or other media such as beef, 
poultry, potatoes, apples, fruits and other food products. The electrode 
delivers a pH signal (or millivolt signal) to an appropriate pH meter designed 
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especially for the metal oxide sensor in combination with the calomel half 
cell. 

This electrode and its system of measurement are unique for 
the following reasons: 

(a) It is microsize and can be made to fit into a #16 gauge steel 
needle or into a #16 gauge placement catheter and measures the pH at a 
localized position in the organ due to the immediated adjacency of the 
sensor electrodes; 

(b) Because it is microsize, the response time is very short and 
is much faster measuring hydrogen ion concentration than the traditional 
glass instruments; 

(c) It is robust and rugged and its design lends itself to ease of 
manufacture so it can be made disposable and will contain costs without 
compromising quality of health care; 

(d) It will enhance the quality of medical care, by acting as the 
earliest warning sign of a deteriorating physiological situation; 

(e) Because of its low cost it can be made disposable thus 
avoiding cross contamination; 

<f> It can easily be sterilized either ETO, or linear accelerator 
sterilized, which is also true for the ion bridge and buffer pads. 

(g) Because of its design the electrode can be stored for long 
periods of time since it only betimes active when the reservoir is charged 
with gel, when the electrode is ready to be used. 

(h) The proximity of the sensing electrode to the salt bridge 
through the use of a double lumen tube ensures quick, accurate response 
and most importantly very little if any drift. The proximity of sensor and 
bridge is the major benefit of this invention. In the media being measured 
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the sensor electrode and the bridge are very close (approx. 0.020 inches 
apart). 

(i) The microsize pH combination electrode is especially useful 
for physiological monitoring on a continuous basis in human or animal 
5 tissue, muscle, organs or blood. It can be used to monitor or measure 
muscle or tissue pH in 

1 * neonates 

2. high risk or surgical patients (cardiovascular, open heat, 
by pass, others) 

10 3. patients in shock when all vital signs are shut down 

4. surgical intensive care, coronary care units, intensive 

care units 

5. fetal scalp pH to detect anoxia 

6. in conjunction with cardiac out, for which it is the 
IS yardstick measurement 

7. brain tissue pH, neurology 

(J) The general purpose, microsize, combination pH hydrogen 
ion concentration sensor may be incorporated into a fetal scalp electrode to 
monitor both heart rate and fetal scalp pH as a reflection of fetal anoxia. 

20 M The electrode enables early measurement of tissue or 

muscle perfusion. There is presently no way to assess this. The best that 
can be done now is to measure the pH of the blood either in vivo or in 
vitro, et great expense end risk; but most importantly, the present methods 
ere very lete signs because blood is well buffered and only shows a pH shift 

25 long after the problem has set in. Where blood pH determination may show 
a decrease in one hour after the problem has set in. muscle or tissue pH 
usino the present Invention will show a significant drop in pH in 2 - 3 
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minutes after the tissue or muscle is compromised for lack of perfusion with 
blood and life supporting oxygen. 

(I) The methodology of the invention is minimally invasive, 
inexpensive, disposable, cost containing, and requires relatively simple 
instrumentation compared to present day methodologies, either with drawn 
blood samples or in vivo continuous monitoring. The currently used 
techniques ere costly, traumatic, invasive and slow. 

(m) It can be used in smaller, regional hospitals since it does 
not require the skills and expertise of laboratories or expert medical 
specialists. 

(n) The use of an ion conducting gel that is thixotropic and free 
of fungus growth prevents leaching of KCI into the media being monitored, 
increeses shelf life ond enhances storage capability of salt bridges and 
electrodes. 

(o) The very microsize antimony sensor Fig. 2 is unique in its 
construction and design. Because of its very microsize the combination 
electrode is very responsive. The antimony is robust, never deteriorates 
with age; it can be wiped and cleaned of protein or other deposits. 
Because It is so microsize it does not cause tissue or muscle or organ 
necrosis. 

(p) Because the electrode is used in a minimally invasive 
method it cen easily be removed for recalibration and examination without 
patient discomfort or trauma. 

(q) The antimony oxide electrode is a relatively low impedance 
device compared with the standard glass. Whereas the impedance of glass 
is 12 Mn, the impedance of the antimony is only 1 MCI. Consequently, no 
shielding is required. 
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In figure 6 Is shown an alternative arrangement to the Calomel 
reference of figure 1 which uses a silver/silver chloride reference mounted 
directly in the pH electrode element itself. 

The alternate reference is a thin, 4 inch, silver/silver chloride 
wire 60 coiled to fit into the chamber or reservoir 30 of the combination 
electrode. One end of the silver/silver chloride wire 50 terminates m the 
chamber 30. the other end. first epoxied and then insulated with e plastic 
sleeve 61 that comes up through the cap 62 on the chamber, parallel to the 
antimony lead. The antimony lead shown at 54 and the silver/silver 
chloride lead 55. form the two bipolar leads at terminals 66 and 57 that 
measure the potential between them. 

The reference 50 is connected through the gel junction 38 to 
the cotton reference 24 that terminates at the sending end of the 
combination electrode. 

The complete pH measuring system consists of the pH 
mterosise electrode and several other components, for example e reference 
electrode, disposable buffers for calibration, a buffer pad holder, a pH meter 
and printer, and connectors for coupling the components. The pH 
electrodes, references, and calibrating buffers may be sterlliiable and 
disposable. In some applications the pH electrode can be reusable. 

The arrangement of figure 6 is also modified in that the end 
cap 52 includes the filler plug 58 so that the side of the chamber is not 
perforated as in figure 1 . 

Since various modifications can be made in my invention as 
hereinabove described, and many apparently widely different embodiments 
of same made within the spirit and scope of the claims without departing 
from such spirit and scope, it is intended that all matter contain*! in the 
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accompanying opacification shall ba intarpratad as Illustrative only and not 
in a Uniting sansa. 
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1 . A pH measuring electrode comprising: 
probe means for defining a first lumen and a second lumen 
with ariiacsnt first ends, 

5 a sens.* electrode secured to the first end of the first lumen 

end exposed at the first end of the first lumen; 

an electric conductor leading from the sensor electrode 
through the first lumen Including means for electrical connection to an 
etectr sei meter for measuring an electrical value Indicative of the pH to be 
10 measured; 

e fibrous thread material extending along the second lumen; 
means for electrically connecting the thread material to the 
electrical meter; and 

porous means closing the first end of the second lumen and 
1 5 electricelly connected to the thread material. 

2. An electrode according to Claim 1 including a chamber 
connected to the second lumen, the thread extending from the second 
lumen into the chamber, the chamber being errenoed to receive en 
electrolytic gel. 

20 3 - An •••ctrode according to Claim 2 including a filling port 

to the chamber and meens for removeably closing the filling port. 

4. An electrode according to Claim 2 including meens for 
filling the chamber with the electrolytic gel. 

5. An electrode according to Claim 1 wherein the threed 
25 material carries an electrolyte. 
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6. An electrode according to Claim 2 wherein the thread 
material carrlea an electrolyte which la In electrical connection with the 
electrolytic get In the chamber. 

7. An electrode according to Claim 1 wherein the probe 
S comprises a tube defined by said first and second lumens. 

8. An electrode according to Claim 2 wherein the probe 
comprises a tuba defined by said first and second lumens, the tube passing 
through the chamber and having a window formed In the second lumen for 
communication of the second lumen with the chamber and with the first 

10 lumen being sealed from the chamber. 

9. An electrode according to Claim 5 including electrical 
reference means in electrical connection with the electrolyte. 

10. An electrode according to Claim 9 wherein the electrical 
reference means Is located In the chamber. 

1$ 11. An electrode according to claim 1 wherein the second 

lumen comprises e non-porous, non-metallic, flexible tubular duct, and a 
liquid contained In the duct for transmitting electrical signals by Ion transfer. 

12. An electrode according to Claim 1 wherein the porous 
means Is fibrous. 

20 13. An electrode according to Claim wherein the porous 

means includes interstices Impregnated with the liquid for allowing the 
liquid to provide conductivity through the plug, the plug preventing bleeding 
or leeching of the liquid. 

14. An electrode according to Claim 1 wherein the thread Is 

25 fibrous. 

15. An electrode according to Claim 1 including an Ion 
bridge for connecting said thread to said electrical meter comprising a non- 
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porous, non-metelllo, flexible tubular duet, a liquid contained In the duet for 
transmitting electrical signals by Ion transfer and a norv metallic conductive 
P ,u 0 at an end of the duct for electrically connecting to the organ or 
patient. 

16. A pH measuring electrode comprising: S 
probe means for defining a first lumen and a second lumen 

with adjacent first ends; ''^^[Jt' l 

a sensor electrode secured to the first end of the first lumen 
and exposed at the first end of the first lumen; 

an electrical conductor leading from the sensor electrode 
through the first lumen including means for electrical connection to an 
etectricel meter for measuring an electrieel value Indicetlve of the pH to be 
measured; 

a chamber connected to the second lumen, the chamber being 
arranged to receive an electrolytic liquid; 

electrical reference meens In electrical connection with the 
electrolytic liquid 

means for electricelly connecting the reference means to the 
electrieel meter; and 

porous means closing the first end of the second lumen end 
electrically connected to the electrolytic HquM. 

17. An electrode according to Claim 16 wherein the probe 
comprises a tuba defined by said first and second lumens, the tube passing 
through the chamber and having a window formed in the second lumen for 
communication of the second lumen with the chamber and with the first 
lumen being sealed from the chamber. 
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18. An electrode according to Claim 16 wherein 
e,ectrtCB ' ^ 8nt located in the chamber. 
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